The impact of climate change and uncertainty of climate projections from general circulation models (GCMs) from phase 5 of the Coupled Model Intercomparison Project (CMIP5) on streamflow in the Johor River Basin, Malaysia was assessed. Eighteen GCMs were evaluated, and the six that adequately simulated historical climate were selected for an ensemble of GCMs under three Representative Concentration Pathways (RCPs; 2.6 (low emissions), 4.5 (moderate emissions) and 8.5
INTRODUCTION
Increases in air temperature are expected to accelerate the global hydrological cycle (Oki & Kanae ) . Precipitation and evapotranspiration are the most affected components that will influence regional water availability (e.g. Milly
et al. ). The Intergovernmental Panel on Climate
Change (IPCC) emphasized that current water management systems cannot cope with the impacts of climate change, and that large drought and flood damages are expected to occur (Bates et al. ) . Therefore, the expected changes of local-to-regional-scale hydrological changes are essential to develop adaptations to current water resource systems.
Generally, there are three approaches for developing future climate scenarios: using past climatic data to project the future climate with a statistical approach, using synthetic climate scenarios, and using output from general circulation models (GCMs). Wilby & Harris () concluded that using output from GCMs models provide the most reliable results compared to other methods and is therefore the focus of this work. The fifth phase of the Coupled Model Project (CMIP5) has replaced the CMIP3 in the IPCC Fifth Assessment Report (AR5) that was released in 2014. The CMIP5 will include newer and more comprehensive GCMs including finer spatial resolution, associated with more complex orography of the region and different greenhouse gases emission scenarios (Taylor et al. ) .
A new set of greenhouse gas scenarios called Representa- The output of GCMs cannot directly be used in hydrological studies due to their coarse resolution (around 200 km), so a spatial downscaling procedure is necessary. Dynamic and statistical downscaling are the most common approaches used to downscale GCMs and the choice of the method depends on the objective of the study (Wilby & Wigley ) . Dynamic downscaling uses regional climate models (resolution approximately 50 km) with output from a GCM (Fowler et al. ) . Statistical downscaling uses empirical or statistical relationships between GCM variables and observation station data. The statistical downscaling approach such as delta approach is often applied in hydrological impact studies due to its simplicity, flexibility and low computation cost (Wilby et al. ) . Malaysia is well endowed with water throughout the year with average annual precipitation greater than 2,000 mm.
Water plays a vital role in the agriculture sector because oil palm productivity largely depends on water availability (Carr ) 
DATA AND METHODOLOGY

Study area
The JRB was chosen because it represents a typical Malaysian climate and geographical conditions. The Johor River 
Input data
The main data sets required for SWAT modelling are a digital elevation model (DEM), land use map, soil map and hydro-climatic data. In this study, the daily precipitation, 
Model setup, calibration and validation
The SWAT-CUP tool, a public domain program that was developed for sensitivity analysis, calibration and validation of SWAT models, was used. Sequential Uncertainty Fitting algorithm (SUFI-2), a semi-automatic inverse modelling procedure within SWAT-CUP, was selected because of its capability in handling and analysing many parameters in the smallest number of model runs (Yang et al. ) . In this study, the global sensitivity analysis approach was 
where o and p are observed and simulated streamflow, respectively; n is the number of measured streamflow.
The NSE is widely applied in hydrograph assessment in order to measure 'goodness-of-fit' by indicating how well the plot between simulated and observed streamflow fits a 1:1 line (Nash & Sutcliffe ). The NSE value between 0 to 1 (ideal) is known as acceptable performance while À∞ to 0 represents an unacceptable performance. 
GCM performance evaluation
The GCMs were chosen based on a set of criteria including:
(1) availability of daily precipitation, minimum and maximum temperature data in CMIP5, (2) combination of GCMs that underestimate, overestimate and accurately cap- performance of GCMs were mean error (ME) and RMSE
where O p,i is the time series of observed precipitation, G bas p,i
is the corresponding period of GCM precipitation, k can be either 12 using monthly data or number of years using annual data. ME and RMSE are further divided by sample mean of G p to obtain the normalized RMSE (NRMSE) and normalized ME (NME), respectively. NRMSE and values of þ2.6 (low), þ4.5 (medium-low) and þ8.5 (high) Wm À2 , respectively in the year 2100.
Eighteen CMIP5 GCMs were obtained from http://cmippcmdi.llnl.gov/cmip5/index.html and are shown in Table 3 .
The climate uncertainty assessment used in this study is In general, climate scenarios of the modified QUEST-GSI methodology for impact and uncertainty assessment were categorized into four groups: (1) climate scenarios (RCP 2.6, 4.5 and 8.5) using an ensemble of six GCMs (ensemble_6), (2) prescribed increases in global mean temperature (1-6 W C) using ensemble_6, (3) GCM structures (CESM-CAM5, CNRM-CM5, HadGEM-2, MIROC-ESM, MRI-CGCM2 and NorESM1-M) under RCP 4.5, and (4) prescribed warming of 2 W C using CESM-CAM5, CNRM-CM5, 
P delta,daily ¼ P obs,daily x(P fut =P bas ) monthly (8) where T delta,daily is the delta downscaled daily temperature, T fut,daily is the raw future daily temperature, T obs is the average monthly of observed temperature, T bas is the average monthly of GCM output of the baseline period, P delta,daily is the delta downscaled daily precipitation, P fut,daily is raw future daily precipitation, P obs is the average monthly of observed precipitation and P bas is the average monthly of GCM output of the baseline period.
The impact and uncertainties of climate change on streamflow were evaluated based on annual, seasonal and monthly changes of each individual climate scenarios (ID 1-27) against the baseline scenarios (ID 28). Flow duration curves were also plotted to offer a different perspective of hydrological response of Johor River in the future. Flow exceeded 5%/high flow (Q5) and 95%/low flow (Q95) of the time changes between each climate scenarios and baseline were also assessed.
RESULTS AND DISCUSSION
SWAT calibration and validation Table 2 presents the initial sensitive parameter ranges and the fitted values. Figure 3 shows observed and simulated monthly streamflow at Rantau Panjang station for the calibration (1980) (1981) (1982) (1983) (1984) (1985) and validation period (1986) (1987) (1988) (1989) (1990) (1991) . 
GCM performance evaluation
The capability of 18 raw outputs of GCMs to reproduce historical annual and monthly precipitation over the study area were evaluated by NME and NRMSE statistical analysis (Figures 4 and 5 was downscaled using the previously described delta method.
Future climate projections The projected seasonal streamflow is non-uniform with dramatic changes (up to 89.93%). Large streamflow decreases were found during the early summer, ranging from À26. 50-6.61%, À2.38-23.85% and À42.38-18.88% for the RCP 2.6, 4.5 and 8.5 scenarios. Late summer and early winter seasons, on the other hand, display an increasing trend, ranging from 10. 4.5 and 8.5 scenarios, ively. The pattern changes of seasonal streamflow can be explained by the trend of projected precipitation over study area. These findings indicate that water availability of the early summer period in the future will be reduced and might influence the agriculture sector within and surrounding the JRB. The largest increases can be found in January and December, and were up to 50.47%. Monthly streamflow changes less than 11% under all RCPs were found in May, Jun, October and November. By the 2050s, monthly streamflow is projected to decrease by March (-8.43-10 .81%), October (-0.05 to À10.01%) and November (-1.78 to À6.68%).
Monthly streamflow changes ranged from À10.09 to 28.35%
for the other month. During the 2080s, decreases of projected streamflow occur during February (-0.39-11.02%), March (-16.30 to À28.09%), April (-2.63 to À21.37%), May (-3.36 to À15.65%). Non-uniform monthly streamflow trend were found in Jun (-5.75-3.62% ). In addition, August and December streamflow changes are greater than 20%. Generally, future monthly streamflow is projected to increase from July to January. This phenomenon might bring more flood events, especially in December and January, and may be catastrophic if there are no flood adaptation strategic implementations.
Climate impact uncertainty assessment show that annual streamflow will increase compared to the baseline, except for the CNRM-CM5 GCM, which shows a decrease of À8.79% in annual streamflow. Three
GCMs (CESM1-CAM5, MRI-CGCM and Nor-ESM1M) led to large annual streamflow changes (more than 10%), whereas the other three GCMs (CNRM-CM5, HadGEM-2 and MIROC-ESM) show small changes (less than 10%). annual streamflow changes (Table 5) . Uncertainty in the Q95 flow ranges from À32.58 to 11.98% and the Q5 flow ranges from À4.05 to 43.33%. At monthly scale, Nor-ESM1M
shows the largest variation (-35.53-101.19% ) and MIROC-ESM shows the smallest variation (-8.86-5.47%).
SUMMARY AND CONCLUSIONS
This paper present results for the most up-to-date and comprehensive climate change impact and uncertainties study on climate and streamflow in the JRB, Malaysia.
The climate scenarios were generated from an ensemble of six GCMs selected after performance evaluation of 18
GCMs under RCP 2.6, 4.5 and 8. Additionally, the ensemble GCMs procedure could be improved by applying weights to GCMs based on their performance in projection of historical climate variables.
Future work is aimed at developing a better ensemble procedure to evaluate the potential impact of climate change on hydrological components in the JRB.
